An intensive campaign was conducted in September 2012 to collect surface water 23 samples along the tributaries of the Pearl River in southern China. Thirteen 24 perfluoroalkyl acids (PFAAs), including perfluorocarboxylates (PFCAs, C4-C11) and 25 perfluorosulfonates (PFSAs, C4, C6-C8, and C10), were determined using 
and perfluorooctane sulfonate (PFOS) were the three most abundant PFAAs and on 33 average accounted for 20%, 24%, and 19% of ΣPFAAs, respectively. PFBS was the 34 most abundant PFAA in the Dong Jiang tributary, and PFOA was the highest PFAA 35 in the samples from the main stream of the Pearl River. A correlation was found 36 between PFBS and PFOA, which suggests that both of these PFAAs originate from 37 common source(s) in the region. Nevertheless, the slope of PFBS/PFOA was different 38 in the different tributaries sampled, which indicates a spatial difference in the source 39
Introduction
Perfluorinated alkyl substances (PFASs) have been widely produced during 44 anthropogenic processes over the last 60 years (OECD, 2002; Ahrens, 2011) and are 45 used as fluoropolymer additives and surface coatings for textiles, furniture, and paper 46 products (Paul et al., 2009) . Currently, PFASs are ubiquitous organic compounds in 47
The filtrates were solid-phase extracted (SPE) using glass funnels and SPE cartridges. 106
Oasis WAX cartridges (150 mg, 6 cm 3 , 30 mm, Waters) were used for SPE. The 107 pretreatment of the cartridges is described elsewhere (Zhao et al., 2012) . After being 108 spiked with 1 ng IS (50 pg/µL, 20 µL), the filtrate was loaded onto the cartridge at a 109 rate of 2 drops per second. The cartridge was then washed with 10 mL of water to remove the salt and dried by a vacuum pump to achieve a better recovery. 111
The dried cartridges were eluted using 10 mL of methanol with 0.1% ammonium 112
hydroxide. The elutes were reduced to 150 µL under a gentle stream of nitrogen 113 (>99.999%). Before being injected into the instrument, 1 ng (50 µL, 20 pg/µL) of 114 mass-labeled 8:2 FTUCA as the InjS was spiked into the vials. 115
The instrumental analysis was performed using a high-performance liquid 116 chromatography-negative electrospray ionization-tandem mass spectrometry system 117 (HPLC-(-)ESI-MS/MS) with an HP1100 HPLC system (Agilent, Germany) coupled 118 to an API 3000 triple-quadrupole mass spectrometer (Applied Biosystems/MDS 119 SCIEX). The instrumental setup is described elsewhere (Ahrens et al., 2009b) . 120
Quality assurance and quality control 121
The method detection limit (MDL), recovery of each spiked sample, matrix spike 122 recoveries, field blank, and duplicate samples were measured. The results are shown 123
in Table 1 . The MDLs were calculated at a signal-to-noise ratio (S/N) of 10, which 124 ranged from 0.02 ng/L (for both PFDA and PFUnDA) to 0.14 ng/L for PFBA. 
Results and discussion 130
Thirteen PFAAs were measured in the 19 surface water samples of Pearl River (Table  131 2). PFBA, PFPA, PFHxA, PFHpA, PFOA, PFBS, and PFOS were detected in all of 132 the samples. PFNA, PFDA, PFHxS, and PFDS were detectable in 18 of the 19 133 samples, whereas PFHpS and PFUnDA were measured in 16 and 11 samples, 134
respectively. The concentration of the total PFAA concentration (ΣPFAAs) was 135 ranged from 3.0 to 52 ng/L, with an average of 19±12 ng/L. PFBS, PFOA, and PFOS 136 were the most abundant PFAAs in the samples and accounted for 24%, 20%, and 19% 137 of the ΣPFAAs. 138
Spatial distribution 139
The spatial distribution of the PFAA concentrations is shown in Table 3 . The highest 140 concentrations of ΣPFAAs were measured in the DJ samples, which exhibited an 141 average of 29±16 ng/L, followed by the MS samples (18±4.2 ng/L) and the SW 142 samples (3.9±0.83 ng/L). DJ has three sub-tributaries running through the city of 143 Dongguan, which is one of the most industrialized cities in the PRD region. A large 144 number of industries have been built in the past three decades, and many of these, 145 e.g., clothing, electronics, furniture, paper, and paper package making, are possible 146 Dongguan increased by 20%, and more than 60% of this increase was due to 148 electronics, clothing, furniture manufacturing, production of packaging materials, and 149 in the DJ samples. Based on previous results in the same region (So et al., 2007) , the 165 concentration of PFBS has increased in the past years, whereas the concentrations of 166 PFOS has markedly decreased (See Table 4 ). A recent study also showed a higher 167 8 Yangtze River (Bao et al., 2011) . This difference could be due to the global phase-out 169 of PFOS and the use of PFBS as a substitute for PFOS-based products. PFBS is also 170 related to the increasing production of n-methyl perfluorobutanesulfonamidoethanol 171 (MeFBSE) and its related products with four perfluorinated carbons (D'Eon et al., 172 2006) . 173
The MS samples were collected along more than 100 km of the course of the Pearl 174 
